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RS qJS P'MRITIC ORE.OCCURR ~NC, OF COBALT

Small samples (Nos.1017, 1018) of pyritic ore from

lease 1009/'M, applied for by the Mt. Re"lus Prospec ting Syndica te

at ut. Remus, Tasmania, have been sub~itted for examination by

Mr. P. B. Nye, Government ueologist of Tasmania, by whom the ore

occurrences of the area have been described in a report on the

Molybdenite Prospect at • Remus, dated Dec~illber 14,1928. The
~

amoun ts of molybdenum, cobal t and vanadiu,a con tained in the pyri tic

ore are indicated by the following deterwinations:+

lTo .1017 No.1018

)(052 0.47 0.48

Co 0·54 0.49

V 0·35 1.49
\

The oOlllposi tion of the ore is shown by the following

analysis of a bulk sample (1019)·

Mo
Co
V
Fe
5
Insol.

0.48
0.498
1·57

39·08
49·70

8.88

100.208

In addition it has been deter 'ned that lead and copper

are absent and that nothing more than traces of arsenic, nickel

and zinc occur.

The ore thus consists mainly of pyrite with small amounts

of molybdenite, and, beinJ very friable and crumbly in character,

the preparation of sections for microscopic examination provides

more than ordinary difficulties.

Examination of Polished Sections.

The microscopical exa ination of polished sections in

reflected light reveals,apart from transparent minerals, pyrite

molybdenite ana a small ~.ount of hematite. The friable character

of the ore is found to be due to the separation of pyrite partioles.

by thin divisions and masses of chlorite.

(1) •
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I The pyrite is fairly coarse grained and no mineral is

revealed by differ€~\ in colour anu polishin3 hich can be ascribed,
to a cobalt mineral.

In the absence of Ui ana As, the only possible cobalt

mineral is cobalt-pyrites or linnaeite, C082 • Linnaeite is s1 lar

in colour and behaviour to pyrite, except that it is tarnished by

HgC12 while pyrite is not.

The section was therefore etched with RgC12 and the

pyritic mass found to be composite. Roughly half the pyritic

crystals are not tarnished by HgC12 and therefore pure pyrite, and

the remainder are tarnished. A tarnished particle was then excav-

ated and tested microche cally. After dissolving in RH03 the

solution contained a great excess of iron, while the potassium

nitrite test for cobalt gave a positive result. The mineral is

therefore a cobalt bearing pyrite. The varying porportions of

pyrite and cobalt bearing pyrite is one factor in producing a

variable percentage of cobalt.

olybdenite occurs sporadically in small egregations

compo ed of small granular crystals, some of which appear broken

and in which the prominent cleavage is recognisable. It possesses

characteristic bireflect10n (reflection-pleochroism) and shows strong

anisotropic effects between crossed nicols. Corroded crystals of

pyrite occasionally occur embedded in molybdenite add suggest that

the development of molybdenite is later than that of pyrite. In

sidition, molybdenite areas contain patches of transparent ohlorite,

while along some oleavage planes and surrounding orystal grains are

very thin dark lines representing a mineral hose identity is unoertain

though it may be molybdio ochre.

Small isolated irregular rains of hematite and possibly

magnetite oocur isolated in the areas of soft transparent chlorite.

They are grey in refleoted light and oooasionally show a traoe of

reddish internal reflections indioating hematite.

Ex ination of Thin sections.

The examination of thin sections in transmitted light

deter nes the oharaoter of the gangue inerals whioh appear dark in
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the polished sections in reflected light. ~hese minerals are

found to be essentially chlorite, epidote associated with a little

zoisite, and occasional particles of quartz and a colourless mica.

Green chlorite is the most abundant and forms scaly

aggregates which extend as thin wrappingsaaound pyrite crystals and

account for the friable character of the ore. In addition to the
{

fine scaly masses, distinct, pleochroic flafes of chl~rite occur

and some of the flakes are grouped radically. In one section, some

of the chlorite shows a brownish colouration, suggesting at first

its derivation from brown biotite. This however is doubtful as none

of the brownish areas possess polarization colours like biotite and

they may have resulted from the oxidation of the iron in the chlorite

during the heating in the cementing processes prior to the preparation

of the slide.

Associated with the chloritic masses are scattered opaque

grains of hematite or magnetite and also occasional particles of

,uartz and a colourless brightly polarising mica. Such mica may be

the vanadium mica, roscoelite, but as it only appears as an isolated

grain in one section it is insufficient to account for the general

epidote is hampered because, though the sections are thick, there is

an absence of pleochroism and in many grains showing cleavage traces

percentage of vanadium.

Epidote with subordinate zoisite is associated with the

chloritic masses and in part forme clusters of crystals in the

The identification of

Some grains however showthere is apparent straight extinction.

pyrite almost to the exclusion of chlorite.

oblique extinction. The refractive index is in the neighbourhood

of 1.7 and the double refraction is moderately high and third order

polarization colours appear even in the thinnest parts of the aections.

The form of the grains, cleavage refractive index and double

refraction coincide with those of an epidote, rather poor in iron and

the identifacation is supported by its association with zoisite, which

is more readily identified.

In some cases rectangular prisms of zoisite are found

embedded in chlorite on the margins of epidote clusters. These are
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clearly recognisable by the high refraction, very low double

refraction, straight extinction and biaxial character. Other

grains occur amons the epidote crystals, some of which are normal

to an optic axis. fhese show a biaxial interference figure in

which the optic axial angle is very small and from which the optical

character is determined to be positive. Iron stained grains
•sometimes occur in the chlorite which may represent oxidised

residuals of epidote.

Discussion.

The problem of the ore is the determination of the host

minerals of cobalt and vanadium. The absence of a cobalt mineral

species is negative evidence of its presence in the composition of

pyrite. Cobart bearing pyrite is known, though rare, (~. Vernadsky

Cent. Blatt, n. p.494, 1914) and it is usually accompanied by

niokel which has been proved to be absent in this case. This

oonclusion however has to be reoonoiled with the following reported

analysis of solected molybdenite from the occurrence.

Yo
V
Co
S
Fe

45·67
4·38
0.03

38.24
8.20

97·12

lbis analysis indicates, as pointed out by ),{r. Nye,

a sample containing approximately 76~ molyWt.n1te and 17~ pyrite.

The percentage of pyrite is greater in the average ore where the

percentage of cobalt (0.498) 1s less than in this sample of selected

molybdenite (0.63). It must therefore be assumed that the pyrite

aasociated with the molybdenite is essentially all cobalt bearing

while approximately half of it in the average ore 1s pure pyrite.

Vanadium is in all probability, contained in the

composi tion of the chlori teo Vana ium bearing micas are well known

aDd while, as previously stated, there appears to be insufficient

vanadium bearing muscovite, vanadium bearing biotites aresaso known.

Chlorite derived fro such may therefore be vanadium bearing.
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The possible existence of patronite VS4 has been

investigated chemically by r. Bath, Government Chemist and

z-rtf"

/J7

Assayer. It appeared from the bulk analysis that there s an

excess of sulphur in the bulk analysis after alloting sulph~r to

the pyrite molybdenum and cobalt.

Iron 39·08 equiv. sUlphur in FeS2 44.73

)[0 0.48 equiv. sulphur inivos2 0031
\

Co 0.498 " d • CoS 0·572
As the total sulphur in the bulk analysis is 49.70 there

is a surpl~s of 4.04; which corresponds almost exactly to VS4.

Analyses were therefore carried out by Hr. Bath in

accordance wi th the procedure outlined by F. Hillebrand in a

paper on Fatronite (Amer.Journ.Sci.Vol.XXIV, 1907 p.14l). This

involvel1

1. Removal of free sulphur by repeated treatment with carbon

disulphide, and deter nation of sa~e.

2. Thorough dryinz of material and apparatus.

3. Exteaction of residue fro (1) and (2) with hot water

and determination of vanadium and sulphate in extract.

4. Extraction of residue from (3) with warm caustic soda

until filtrate ca. e throU3h uncoloured. Deter nation of

vanadium an sulphide in-_extract.

,. Treatment of re idue fro (4) with cone. nitric acid and

determination of cobalt in extract.

6. Deter <nation of carbon in residue fro (5)

The results from these operations on sample 1019 were

(1) Free sulphur (approx.) O.O}% of original sample

(2) Hot water extraction

Vanadium nil
Sulphate (S04) 1.081

(3) caustic soda extraction

Vanadium
Sulphide sulph~r

(4) Nitric Acid solution

Cobalt 0.47 •

(5) Residue
Carbon (approx.) . 0.45~. unable to deter ne sulphur
in this owing to ~t hav~ng been acid treatea.
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These results indicate that only a very 6 11 proportion

of ~e vanadium (0.042% compared with 1.57;) is soluble in caustic

soda. The small amounts of vanadium and sulphide which did dissolve

in caustic soda correspond to a vanadium sulphide of the formula

It is clear therefore that vanadium sulphide is not the

source of the vanadium in the ore and such traces as appear to be

present 40 not correspond to patronite whose. composition is VS4 or

Fur~er it appears that the traces of sulphide in the

caustic soda extract may be due to ~e solubility of molybdenite in

It has also been observed that there is a sli t

attack on the chlorite by caustic sodaaad therefore the vanadium may

have been derived from chlorite.

The high percentage of vanadium (4.38;.") in above analysis

of the selected molybQeni~e seeMS to be at variance with the view that

vanadium is contained in ~e chlorite. 11e it \s likely tba t some

chlorite has been entangled in the analysed sample of molybdenite,

the summation of the analysis indicates that only an insufficient

perc en tage of chlori te could be present in ~e sample.

It appears therefore that the hiBh percentage of vanadium

in ~e analysis of selecte mtlybdenite is due to some fortuituous

~ circumstance, such as ~light contamination with an oxidioed compound

containing vanadium. T)is view seemB to be substantiated by the

following analyseD of the Jl t. Remus ore.

1l0S2 5·12 1.14 0.64 31.2

V 0.89 nil 0·92 tr

Co 1.22 0.85' nil 0·3

These analyses show there is no relation between vanadium

aDd molybdenum and the last example containing 3l.~~ Ko~and only

a trace of vanadium is a result which would be expected from the

microscopic examination of the segregations of molybdenite in the

examined specimens.

(Sgd.) Frank L. Stillwell.

October 5'th, 1932.
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